Ill. ttomologues of Aniline: NHa~__> (Clt2)~CH3.--These compounds were made following the methods of Benz (9) for the preparation of p-aminoethylbenzene and Beran (10) for p-amino-n-octylbenzene. Ethyl, n-butyl, n-hexyl and n-octyl alcohol were heated with molar quantities of aniline and zinc chloride in sealed tubes for 8 hours at 280 °. The contents of the tubes were dissolved in dilute hydrochloric acid, the solution neutralized with ammonia and an excess of ammonia added to dissolve the precipitated zinc hydroxide. The bases were extracted from the solutions with ether and fractionated by distillation at atmospheric pressure. Crude p-amino-n-butylbenzene distilled over between 230 and 260 °, crude p-amino-n-hexylbenzene between 270 and 310 °. They were converted into sulfates and recrystallized from 95 per cent alcohol and washed several times with alcohol until the wash liquids were colorless. After decomposition of the sulfates with sodium hydroxide, the free amino compounds were extracted with ether and distilled.
p-Amino-n-butylbenzene: B.p. 248-250 °. Analysis: calculated for C10H15N: N 9.39 per cent; found 9.33 per cent, p-Amino-n-hexylbenzene: B.p. 279-285 °. Analysis: calculated for CI~H19N: N 7.91 per cent; found 7.79 per cent.
Both substances were oils which did not crystallize upon standing in the ice box. The position of the substituents was not determined, but it can be assumed from the analogy with p-aminoethylbenzene and p-aminooctylbenzene that the substitution occurred in para-position. The amino anilides were prepared as follows: 10 gm. of finely ground nitro compound and 25 gin. of zinc dust were suspended in 250 cc. of water and a total of 350 cc. normal hydrochloric acid was added in portions of 50 cc. over a period of 1 hour with constant vigorous stirring. (50 per cent alcohol and a normal solution of hydrochloric acid in 50 per cent alcohol were used in the reduction of the nitrocaprylanilide.) Mter the nitro compound had disappeared, the solution was filtered and sodium acetate added. The precipitate formed was redissolved in water by addition of an excess of ammonia and the solution was extracted with ether. The amino compound obtained by evaporation of the ether was recrystallized from benzene. Antigens for Iramunization.--3 milllrnols of the substances of the types I and II were diazotized in the usual way (2) and each diazo solution (volume 80 cc.) was added to a cold mixture of 80 cc. of a 2 per cent solution of globulin, prepared from horse serum, and 40 cc. of 1~ sodium carbonate solution. After coupling for 1/2 hour at 0-5 °, the azoproteins were precipitated by careful addition of dilute hydrochloric acid, centrifuged, washed several times with saline, dissolved in saline and brought to neutral litmus reaction by addition of normal sodium hydroxide. The final solutions contained 0.5 per cent azoprotein and 0.25 per cent phenol, added as a preservative. In the same way the substances III and IV were diazotized and coupled to horse serum, using 1.27 milllmols for each 10 cc. of serum. The azoproteins were then washed with a large volume of 80 per cent alcohol and subsequently with saline. They were ground into a fine suspension and made up with saline containing 0.25 per cent phenol to a volume twice that of the serum used.
IV. Homologues of p-
Immunization,--Batches of five rabbits each were taken for the immunization with the various antigens. Of the antigens of series I and II each rabbit received daily intravenous injections of 10 rag. of azoproteins for 6 days. One or two more courses were given at intervals of 1 week; of the antigens of series III and IV each rabbit was injected intraperitoneally with 10 to 15 cc. of the azoprotein suspension at weekly intervals. The sera were tested 7 days after the last injection.
Antigens for the Tests.--On account of the insolubility of the antigens of the types III and IV when made from serum protein, the test antigens were prepared from a solution of casein. The coupling was carried out as described above. The dilutions given in the tables are in terms of 5 per cent stock solutions, made by dissolving the azoproteins in saline with the aid of dilute sodium hydroxide and adjusting to neutral reaction. The casein-azocompounds prepared from aminocaprylanilide, aminobutylbenzene, aminohexylbermene and aminooctylbenzene did not dissolve well, and in order to obtain a clear solution for the precipitin tests, it was necessary to add 0.2 cc. of alcohol and 0.05 cc. of I~/10 sodium hydroxide to 0.1 cc. of the emulsion; when after a few minutes a clear solution was obtained, enough saline was added to give the required dilution in terms of a 5 per cent solution.
Tests.--The precipitin and inhibition tests were carried out and the strength of the reactions recorded as in former papers (i, 2).
EXPERIMENTAL
Precipitin Reactlons.--The specificity of the reactions of the "anilic acid immune sera" has been dealt with in a previous communication, E II ~m t e m p e r a t u r e a n d a f t e r s t a n d i n g o v e r n i g h t i n t h e ice b o x . in which it was shown that specific precipitin reactions can take place not only with azoproteins, but with dyes such as those prepared by coupling the diazotized aminoanilic acids to resorcinol, as well. The reactions of the immune sera presented in Tables I and II ~ have this in common that the lower members of each series of acids react more specifically, the range of activity becoming wider with increasing length of the aliphatic side chains of the corresponding antigens. Thus the sera for oxanilic, succinanilic and phenylacetic acid display a high degree of specificity as compared with the immune sera for the compounds with longer side chains. However, with the latter immune sera, too, the strongest reactions always occur with the homologous antigens. On the whole the specificity is more pronounced in compounds of type II, which contain an NH-CO linkage, than in those of type I. The immune sera for adipanilic and suberanilic acid also showed marked group reactions with the antigens of the phenylacetic acid series. Moreover precipitation occurred between the immune sera of the phenylacetic acid series and the "anilic acid" antigens and these reactions were in all cases strongest with the highest numbers of the latter series. There is not sufficient evidence to give a final interpretation of these reactions, but it may be pointed out that phenomena, probably of a similar nature, were observed in inhibition reactions with higher aliphatic adds, which will be described below.
S E R O L O G I C A L STUDIES O N A Z O P R O T E I N S
The immunization experiments with the compounds of series III were not very successful and only one serum each, of moderate activity, was obtained for p-aminoethylbenzene and p-aminobutylbenzene. It would probably be possible to improve the production of immune sera by modifying the technique, but this point was not further investigated. From the reactions of these sera and those for the compounds of series IV it appears that serological differences are brought about by variations in the length of the carbon chains (Tables III and IV). The "suberanilic acid immune sera" gave weak reactions with the aminobutyranilide and aminocaproanilide antigens which'may be attributable to a certain correspondence in structure. No reactions of the other immune sera for substances II or those for substances I with the antigens of series III and IV were observed, nor
Reactions of other immune sera were in conformity with those recorded in the tables. With regard to the group reactions in general the question may be raised whether they are not due in part to a breaking down of the aliphatic chain of the immunizing antigen in the animal with subsequent formation of antibodies to the resulting products. Of course, it is impossible to explain the reactions with antigens containing longer aliphatic chains than the homologous antigen in this manner. As regards the antigens with shorter chains, if the assumption were correct, one would expect, according to the theory of the so called /9-oxidation, that the group reactions occur mainly with the antigens containing aliphatic chains, which differ from those present in the immunizing antigen by an even number of carbon atoms. Such a preference, however, is not noticeable in the tests with the immune sera for the anilic acids as a perusal of Table II will show.
Inhibition Tests.--Such tests furnished a confirmation of the precipitin reactions and in addition yielded new results of some consequence. The reactions presented in Table V , which were carried out with aminoanilic acids, demonstrate that in the inhibition tests, too, the strongest reactions take place with the homologous substances and that the specificity of the immune sera is less in those corresponding to the antigens with the longest aliphatic side chains. The results with the nitranilic acids were similar. When comparing the reactions of the sera for adipanilic and suberanilic acid, the greater strength of the latter immune serum must be taken into account. To obtain inhibition reactions with the dibasic acids themselves (Table VI) higher concentrations were needed than those used in the tests with the anilic acids. In this way succinic acid gave a marked inhibition reaction with the "succinanilic acid immune serum" and this reaction showed distinct specificity, since succinic acid could easily be differentiated from malonic, adipic and, though less strikingly, from glutaric acid.
However, the higher dibasic acids also showed definite inhibitions with the "succinanilic acid immune serum," increasing with the length of the carbon chain so that in the scale of reactions as presented in the table there are 
with the immune sera for phenylacetic acid and its homologues; e.g., the precipitation of the immune sera for phenylacetic acid was inhibited considerably by eaprylic, caproic, sebacic and suberic acid (of. 11).
The inhibitions by acids with longer chains are non-specific in so far as acids which are structurally further removed from the homologous antigen react more intensely with the immune sera than closely related ones. Evidently, these inhibition phenomena are dependent on certain physicochemical properties common to salts of acids with long aliphatic chains. Nevertheless, the reactions have some degree of specificity. It is true that an inhibitory action of the sodium salts of sebacic and also of suberic acid on the precipitation by various immune sera, such as precipitins for horse or pig serum, can be demonstrated by using sufficiently concentrated solutions of these salts, but these effects are distinctly less pronounced than the inhibitions with the anilic acid immune sera. Consequently, the inhibitions depend to a certain extent on the similarity of the chemical composition of the inhibiting substances and the antigens, and the reactions constitute, as it were, a transition between specific and non-speclfic phenomena. The fact that succinic acid by itself shows specific reactions with antibodies is interesting because of the simple composition of the compound and should be emphasized in connection with a criticism by Berger (12) concerning the applicability of the azoprotein method for studying the serological specificity of simple compounds. As will be shown presently, succinic acid can be serologically distinguished not only from the homologous dibasic acids but also from malic, tartaric and asparaginic acid. Similarly in former experiments, using sera for azoproteins prepared with the stereoisomeric p-aminotartranilic acids it was possible to differentiate the three stereoisomeric tartaric acids from one another and from succinic acid (1) . Some of the differences observed were only small, but since they were definite this does not nullify the results. Moreover, the striking specificity of the inhibition reactions with the stereoisomeric nitro-and aminotartranilic acids can depend only upon the tartaric acid part of the molecule since the other moiety is the same in the various compounds. The same reasoning holds true for the observations on acylated peptides (2) and for the inhibition reactions with aminophenol-glucosides and -galactosides carried out by Avery and Goebel (3, 4) . 
ON AZOPROTEINS
Tests with Substituted Aliphatic Acids.--A few substances were examined in order to investigate the influence of various substituents on the reactions. From Table VII it is seen that the substitution of hydrogen atoms in the aliphatic chains causes a serological change which in the tests with the anilic acids is greater in the OH than the C1 substituted compounds, and still more pronounced when two hydro- Table VIII shows the marked difference between succinic acid on the one hand and malic, tartaric and asparaginic acid on the other. Succinimide which contains no free carboxyl group caused no inhibition, in contrast to the monomethyl ester and the monoamide.
A more extensive study on the influence of substituents seems desirable in order to establish their relative serological significance. Such an investigation would also be of interest with regard to the views recently put forth by Erlenmeyer and Berger (13) on the identical serological behavior of "isosterlc" atoms or radicals.
Serological Differentiation of cis-trans Isomers.--In order to complete a preliminary note (7) on this subject inhibition reactions of a serum for "succinic acid" azoproteins are presented in Table IX . Strong inhibition effects were produced by succinic, maleic and citraconic add, the two latter being cis compounds whereas the corresponding trans compounds namely fumaric and mesaconic acid had no inhibitory action. It follows that the cis-trans isomerism is serologically significant just as is the isomerism which depends on asymmetric carbon atoms.
As an explanation of the behavior of maleic acid in contrast to fumaric acid one could assume that succinic acid, to which the antibodies correspond, can exist in a spatial configuration similar to that of the cis compound (14) , or that the antibody may adjust itself to the cis structure.
SUMMARY
A study was made of the specificity of artificial compound-antigens containing aliphatic chains.
Striking specificity was exhibited in the reactions of compounds with short chains containing a carboxyl group; for instance succinic acid could be differentiated from malonic or glutaric acid which contain one fewer and one more carbon atom respectively. With the substances containing longer chains, reactions were observed which, although specific to a certain extent, appear to depend mainly on the general physicochemical properties of long aliphatic chains.
With a limited number of substances the influence of substituents --halogen, OH, NI-I~--on the serological specificity was investigated.
By means of inhibition reactions it was possible to demonstrate the serological specificity of cis-trans isomers such as maleic and fumaric acid.
